Sheaths are arranged in the web and lower part of prestressed-concrete girder bridges, and prestressing wires and concrete are indirectly bonded together by filling interior parts of the sheaths. However, when the filling is not sufficient, water can penetrate the interior parts of the sheaths and, thereby, prestressing wires can be corroded or transverse cracks would occur around sheaths by the freezing and thawing action of the penetrated water. Therefore, it is an important element in maintenance management of structures to find out the sheaths unfilled with grout early after construction. In this paper, in order not to damage bridge members, the impact-echo method with a new approach in application is used to probe sheaths unfilled with grout for real structures. The location of sheaths is first estimated with reinforcing bar probing instrument of radar type and the measurement locations of sheaths are determined. By sending elastic wave to the side of girders and receiving the response, the location of the unfilled part of a sheath was estimated from the difference between high frequency peak and twice the resonance frequency indicating thickness. To verify the location of void estimated by the impact-echo method, pictures were taken by an industrial fiber scope after drilling a hole.
Introduction
Currently, in Japan, the number of new large scale constructions is decreasing, and especially the structures like bridges are at times of maintenance management. Therefore the demand for repair and rehabilitation is increasing. For an efficient repair and rehabilitation, it is utmost important accurately to find out the current condition of the structures such as the safety or remaining life expectancy of existing structures.
In general, in prestressed-concrete (PC) girder bridges of mid-size, the prestressing wires are inserted into sheaths arranged in the girders.
Prestressing wires and concrete surrounding the sheaths are indirectly bonded together by filling out 1) member, Tohoku Gakuin University, Japan, Associate Professor 2) member, Jeju National University, Associate Professor 3) Tohoku Gakuin University, Japan, Professor 4) Shimizu Corporation, Japan the sheaths with grout. Grouting can prevent water penetration into sheaths, the corrosion and breaking of prestressing wires, and the concrete cracking caused by the freezing and thawing action of the penetrated water. It is not an easy job to perform grouting because there is not much space between sheaths and prestressing wires. In addition, it is not easy to judge the effectiveness of grouting during construction because the inside of sheaths cannot be seen. Therefore, it is an important element in maintenance management of structures to find out the sheaths unfilled with grout early after construction. 5) In probing the unfilled sheaths with grout, because it is desirable not to damage bridge members of prestressed-concrete girder bridges, 2) sending elastic wave to the sides of girders and finding the void due to unfilling (Gokudan et al, 2002) . Even though it can estimate the overall filling percentage, the first method can neither find the location of unfilled sheaths, nor is easy to apply when the prestressing wires are arranged in a curve. In addition, the second method remains in just theoretical and experimental level. magnitude is large to some degree. As a result, f3
would also have different value from f 2 . This is because the sheath is arranged at the center of the section, and D is smaller than T/2 (or f3 is larger than f 2 ) considering the diameter of the sheath. In addition, the difference becomes larger as the unfilled degree becomes higher.
In this research, the difference between f 3 and f 2 is used to find unfilled sheath and its degree in the prestressed-concrete girder bridge. 
Measurement Method
Prior to the measurement of the impact-echo 
Measurement result
Prior to the probing measurement of unfilled sheaths, measurement for calibration was performed at the location of no sheath to determine the propagation velocity near the measurement point. Frequency characteristics obtained from the impact-echo method were similar for 3 measurement points (Fig. 8) . The mean propagation velocity using Eq. (1) sheath of a prestressed-concrete girder using the impact-echo method, the location of a sheath was estimated using the reinforcing bar probing instrument of radar type to save time. The location of the unfilled part of a sheath was estimated from the difference between high frequency peak and twice the resonance frequency indicating thickness, and was verified by drilling a hole.
